Transition metal chalcogenosphosphates form a wide and interesting class of compounds that have attracted attention because of their various structural chemistry and interesting properties.
1 Many ternary and quaternary compounds have been synthesized in this class. These materials have various phosphorus-sulfur/selenium polyanions and we found that the variability in the combination of these moieties with transition metals led us to find numerous new phases. 
].
11 However their chemistry has not been abundant compared with their phosphate counterparts. This is probably due to the synthetic hindrance and we have exploited eutectic halide mixture as reactive fluxes to find new metal chalcogenogermanate phases. This synthetic technique proved to be of general utility in preparing crystalline metal chalcogenides.
12,13
As a guidepost toward a new compound, we have started from the known thiophosphate phases and anticipated substitution of PQ 4 3− for GeQ 4 4− (Q=S, Se) ions while the metal centered polyhedral structure are maintained. The mother structure can be modified by various factors such as radius ratios of each atom, preferred coordination of transition metals, reaction conditions, and stoichiometries of compounds. The GeS 4 units unlike PS 4 do not share two edges with metal centered octahedron because the ionic radii of Ge 4+ is 0.390 Å while that of P 5+ is only 0.17 Å. Usually the metal centered polyhedra connected by the tetrahedral GeS 4 4-unit adopt chain or layer structure and charges of these lowdimensional units form negative polyanions and the alkali metals play a role to balance the charge of the compounds and stabilize the structure through electrostatic interactions. As a result, the basic structure pattern is perturbed and the new structural type can be generated.
Experimental
Synthesis. The title compound, Cs 2 CdGe 3 Se 8 was prepared by the reaction of elements with the use of the reactive halide-flux technique. A combination of the pure elements, Cd powder (Cerac, 99.5%), Ge powder (Cerac, 99.999%), Se powder (Aldrich) were mixed in a fused silica tube in molar ratio of Cd:Ge:Se = 1:1:4 and then CsCl (SigmaAldrich 99%) was added. The mass ratio of the reactants and the halide was 1:2. The tube was evacuated to 0.133 Pa, sealed, and heated gradually (14 K/h) to 923 K, where it was kept for 5 days. The tube was cooled to 373 K at the rate 5 K/h. The excess halide was removed with distilled water and dark green block-shaped crystals were obtained. The crystals are stable in air and water. A qualitative X-ray fluorescence analysis of the block indicated the presence of Cs, Cd, Ge, and Se. The composition of the compound was determined by single-crystal X-ray diffraction.
Crystallographic Studies. The structure of Cs 2 CdGe 3 Se 8 was determined by single crystal X-ray diffraction methods. Preliminary examination and data collection were performed with Mo Kα 1 radiation (λ = 0.71073 Å) on a RIGAKU R-ASXIS RAPID diffractometer. The cell constants and an orientation matrix were determined from least-squares, using the setting angles in the range 3.0 o < θ < 27.5 o . The crystallographic details are described in Table 1 . Intensity data were collected with the ω scan technique.
The intensity statistics and systematic absences are consistent with the orthorhombic space group, P2 1 2 1 2 1 . The initial positions for all atoms were obtained by using direct methods of the SHELXS-86 program.
14 The structure was refined by full-matrix least-squares techniques with the use of the SHELXL-97 program.
14 The data for Cs 2 CdGe 3 Se 8 were corrected for absorption using the multi-scan method. Table 2 . Anisotropic displacement parameters and complete tabulations on the X-ray studies can be found in CIF format in the Supporting Information Section.
Result and Discussion
The general features of the structure of Cs 2 CdGe 3 Se 8 indicate that this phase is a new member of the previously characterized type II A 2 MM' 3 Q 8 family (A=K, Rb, Cs, M= transition metals, M'=Si, Ge, Q=S, Se, Te). 16 Selected bond distances and angles are listed in Table 3 . A view down the a axis, given in Figure 1 shows the two-dimensional nature of the compound. (1) 5165 (1) 10 (1) Ge2 2636 (1) 519 (1) 6756 (1) 11 (1) Ge1 4808 (1) 266 (1) 3457 (1) 10 (1) Se1 2392 (1) 1340 (1) 3417 (1) 13(1) Se2 -14 (1) 5991 (1) 5520 (1) 12 (1) Se3 2314 (1) 1205 (1) 5505 (1) 12 (1) Se4 2807 (1) -1316 (1) 6404 (1) 13 (1) Se5 -151(1) -1268 (1) 4657 (1) 14 (1) Se6 4965 (1) 4119 (1) 2629 (1) 13 (1) Se7 83 (1) 3738 (1) 2717 (1) 15 (1) Se8 2231 (1) 3642 (1) 6503 (1) 12 (1) U(eq) is defined as one third of the trace of the orthogonalized Uij tensor. (Figure 2 ).
These layers then stack on top of each other to complete the three-dimensional structure with an undulating van der Waals gap shown in Figure 1 . There is no bonding interaction, only van der Waals forces, between the layers. The Cd-Se distances range from 2.612(1) to 2.644(1) Å and the Ge-Se distances range from 2.298(1) to 2.416(1) Å. They are in good agreement with those calculated from crystal radii typical for these atoms. 17 There is no bonding interactions between the Cd and Ge atoms. According to the bond valence calculations, 18 the global instability index of the structure, Gii = 0.1518v.u and the charge balance can be described by [ 
